Introduction: Public health professionals engage in frequent exchange of health information while pursuing the objectives of protecting and improving population health. Yet, there has been little study of the information work of public health workers with regard to information exchange. Our objective was to gain a better understanding of information work at a local health jurisdiction before and during the early stages of participation in a regional Health Information Exchange.
Introduction
There is a recognized need to better understand health information exchange at the individual, group, organization, and network levels to facilitate system design improvements and successful adoption by stakeholders (8) . While the information needs and work of public health practitioners have been the subject of several studies (9) (10) (11) (12) , existing studies of HIEs are primarily physician-and hospital-focused (13) (14) (15) (16) (17) . Little work has been done to characterize the information practice of public health workers with regard to the exchange of health information within public health organizations or with external stakeholders. In particular, a comprehensive view of epidemiologists' information practice and communication is important and warranted given the epidemiologist's central role in disease investigation and community health assessment (18, 19) . This study explores the public health practice need for HIE data in the context of a LHJ in the early stages of interactions with a HIE organization.
Methods
Semi-structured interviews were conducted in February 2009 with 9 participants at a mediumsized LHJ in Washington State. The LHJ has approximately 250 employees and serves a population of more than 400,000. Participants were drawn from a convenience sample of LHJ employees with a range of job titles and disease surveillance responsibilities. Study participation was voluntary; all participants were consented into the study. Interview questions solicited descriptions of information uses, information needs and exchange of health information related to outbreak investigation and disease surveillance. Study procedures were approved by the University of Washington Institutional Review Board. practice" and "information work" were used interchangeably to refer to routine and impromptu activities and processes involving some form of information and information processing (23, 24) in an organizational setting or community of practice (25) . Given that there are numerous conflicting definitions of communication (26) , for simplicity's sake, we used a conventional definition of "communication": transmission of information from a sender to a receiver (27) .
Two coders (BR and RH) independently coded and reconciled three transcripts by discussing discrepancies to ensure consistency in the application of codes (21) . Both coders met to compare results and differences were resolved through discussion until agreement was reached. The codebook was reviewed by a third coder (DR) for face validity and consistency. Two coders (RH and DR) partially coded and reconciled a fourth transcript as an additional test of inter-rater reliability. One coder (BR) coded the remaining interviews.
Results
Nine individuals with the following job roles participated in the study: epidemiologist (4), program manager (2), public health nurse (1), health program specialist (1) and administrative assistant (1) . See Table 1 for participant job roles and responsibilities. All participants reported exchanging information with a number of external stakeholders. Table 2 shows references to unique external information exchange partners made during interviews, grouped by role and exchange partner type. External information exchange partners were Public Health Practice within a Health Information Exchange: Information Needs and Barriers to Disease Surveillance grouped into three types based on their characteristics: Healthcare system partners, community and government partners and public stakeholders. Epidemiologists referenced the greatest numbers of unique external information exchange partners. We note that epidemiologists were represented in the greatest numbers in the participant sample. Public health work is complex, non-linear and dependent on information exchange and data that must be interpreted in context. Documenting public health information practice is important to the design of future information systems that will interoperate to exchange health information. Common characteristics and barriers to the information work of public health workers are described below, with a focus on epidemiologists as frequent exchangers of information. The four epidemiologists who participated in this study all worked in the disease prevention division of the LHJ with different responsibilities related to communicable disease investigation and community health assessment. They were frequent exchangers of health information with external stakeholders in their work of responding to communicable disease reports and requests for population health information from the public and community partners.
Data require context
Public health workers must trust the source, provenance, collection methods and processing of the data they use. The visualization of these data and relationships among them must be clear and understood.
"I think one of the things that's really hard for people, sometimes, with data sets, is understanding kind of how the data is structured -So what are these variables? And what does this actually mean? And, you know, just really having a codebook
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for people that are going to be using whatever sort of database or interface you have ." (Participant Eight, Epidemiologist)
Information practice is non-linear
Information work is non-linear in nature, as described in this narrative of note-taking during investigations. 
"I take notes on paper, the reason I like that is because then I can organize my notes based on the conversation so I can see if I'm missing things I want to ask, but if all I'm doing is typing in a single
Barriers to Information Exchange
Public health workers experience barriers specific to their work processes with regard to usability, data timeliness, data accuracy, data completeness, and social interactions while collecting data during case investigations (Table 3) . These barriers were common to all participant roles. 
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Usability: Information systems do not match work processes
Given the non-linear, complex and variable nature of their work, information systems often are not congruent with or supportive of public health work processes. Participants identified issues such as the following: data errors resulting from faulty system logic; inability to record necessary data, such as complete information about food-borne illnesses during investigations, in the information system; inability to track information from phone calls; and information systems that do not capture and show information that is available in other formats, such as vital statistics data from death and birth certificates that are available in hard copy formats. Usability issues related to information systems that do not match work processes can influence overall data timeliness, accuracy and completeness as well as impact the information systems of external stakeholders during case investigations.
"The hassle… when you call a provider is the demographic information. You know they may have the name and date of birth right there, but getting their phone number and name of parents or guardians and the address, and occupation… They're having to wait… to go to a different screen… to the billing screen to get the address and phone number because it's not in the medical screen. It seems very strange that it's so dislocated." (Participant Seven, Epidemiologist)
Usability: Data streams may not be in a usable format
Clinical data that come to public health workers through the regional HIE may not arrive in a usable format.
"There's no algorithms applied to it, it's just raw…You can see diagnosis and ICD9 data without anything applied to it to tell you whether the data is usable or not and some of the numbers are so small that it wouldn't really matter anyhow." (Participant Seven, Epidemiologist)
Barrier Type: Data Timeliness
Timeliness: Reporting lags
Participants reported receiving case reports more quickly when they are reported through Public Health Reporting of Electronic Data (PHRED), the Washington State laboratory reporting system (28) . However, since PHRED is not consistently used across all labs required to report to the LHJ, this timeliness benefit is not universal. In addition, the local lab does not report through PHRED which delays receipt of notifiable conditions lab reports to public health workers. For those labs that do report through PHRED, not all cases are reported through the system. Cases reported in a less timely fashion are less useful to investigations. 
Barrier Type: Data Completeness
Completeness: Lack of information exchange with other states
Participants reported that the lack of formal information exchange agreements and technology between other states and regions presents a barrier to the information exchange that would support interstate and international collaboration for disease investigations and population health assessments.
Completeness: Client demographic information from labs is insufficient for investigations
Patient name and age are usually provided on lab reports; patient date-of-birth, provider's name, patient phone number, patient address, patient occupation and parent/guardian information are often missing. When an investigation is warranted and patient demographic data is missing from lab reports, public health workers must contact the provider before calling the client.
Completeness: Poor denominator data
Incomplete data with regard to the number of tests ordered and the number of positive tests results is a barrier to understanding the complete picture of disease in the community. Social Interaction: Clients may not speak the same language as public health workers
"We don't have the number of tests ordered for a particular issue, as a result
Lack of common language between clients and public health workers can be a social interaction barrier during investigations.
Limitations
This is an exploratory study and does not capture an all-inclusive view of information practice in the study setting. Although all LHJs provide variations of the same services, results may not
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generalize to other health agencies nationally or internationally due to local differences related to organization, culture and population.
Discussion
Our objective was to better understand information practice at one LHJ before and during the early stages of participation in a regional HIE. We conducted and qualitatively analyzed interviews to identify themes that describe information exchange and information work. Information practice within a medium-sized LHJ is a complex endeavor that is characterized by multiple, non-linear information processes. Public health information work is data-intensive and requires data from a variety of sources. Disease investigations vary but follow a basic set of steps, the order of which is determined by specific disease instance, circumstances of the investigation and the work load of individual public health workers. Community health assessments require context and effort even when data are readily available and, as a result, are difficult to automate. Public health workers do not rely on a single, well-designed information system to get their data but employ a wide variety of technologies, including in-house and state information systems, free web-based survey tools and, often, the telephone.
Public health workers face usability barriers when information systems do not match their information work, data are delivered in formats that are not ready to use and data are of poor quality. Data quality barriers of timeliness, accuracy and completeness are common in data originating outside the LHJ. At times, data that are needed to assess community health or conduct investigations are simply unavailable. In addition, lack of data sharing agreements block the exchange of information with external stakeholders. While public health workers have much to gain from better support of their information practice through well-designed technology, other barriers are independent of information systems. However, although public health workers rely on technology tools to support their information practice, much of their work is accomplished through interactions with people. It is unlikely that social interaction barriers will ever be overcome by technology.
Transforming workflows is challenging in the face of disparate information systems, cultures, organizational structures and budget constraints within and external to public health agencies. Building or transitioning to better designs that overcome the usability barriers we identified in this exploratory study may appear daunting but, even in the face of limited funding and short delivery timeframes, these challenges must be met. Human-centered design and methods to improve the usability of information systems are an integral part of public health informatics that have yet to be fully utilized in organizational contexts. Identifying the barriers and facilitators of the information work of public health practitioners would help ensure that public health workers do not reject new systems, duplicate work or develop work-arounds that cause preventable delays and inefficiencies in disease surveillance, outbreak investigation, community health assessment, and other public health work. Although public health processes and work are often characterized as unique to each LHJ context, understanding public health workers' information needs and workflow will not only provide a clearly defined roadmap for improved system design but participatory design of new systems can increase the possibility that these systems will be widely adopted and championed.
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Conclusion
Characterizing public health information practice is essential for the design of systems that minimize the investigation of low risk alerts for infectious disease outbreaks and improve targeted and timely surveillance for seasonal outbreaks and other disease events. Public health workers must trust the data they use to make decisions during investigations and assessments of population health. HIEs, as formal organizations, have the potential to improve population health by linking public health practitioners and other stakeholders through information access. Though additional studies are required to describe the full range of information work for all roles in different types of public health organizations, this study has characterized the information practice of one group of public health workers to inform design of information systems that support health information exchange for public health practitioners. As part of future HIE design efforts, we advocate the engagement of public health workers early in the design process.
